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Summary

This report describes tlie derivation of an cmpirical formula
expressing the spray throw in termls of tne nozzle pressure, the ‘cone-
angle of the gpray, and rate of flow cof water, Most of the data were
taken from an American report describing tests made on spray-noznles for
the National Fire Protectuilon Association, Some data were also a"41¢ab]e
from tests made by the Joint Fire Research Organization.

The results indicate that thc throw of a. sproy is as ruch
dependent on the rate of flow and the cone angle on on the vpressure.
£11 these data referred to pressures between 50 and 150 lh/;q ih. but
there is some additional evidence that the throw of sprays at presasures
of 300 to 600 1b/sq.in. is much less than that given by extrapolat:ng
the data for low pressure sprays.

-

1
i

May, 1955. " ' Fire Research Station,
. : Boreham Wocod,
Herts,

I
© BRE Trust (UK) Permission is granted for personal noncommercial research use. Citation of the work is allowed and encouraged.



THE THROW (F WATER SPRAYS
ﬁy
P. H. Thomas and_P. H.'@.'Smarﬁ

Introduction . ' S .

4

The purpose of this investigation was to defermine to what exten’
ihe throw of a spray depended upon pressurs, rate of. tlow and the cone
anzle of the spray .and to obtain an empirical formula uorrelatlng hose
v0r1ables.

Origin of data

-

The. majority of the data used in the investigation was taken from a
report published by the National Fire Protcction Association entitled
"Studies of Fire Department Fog or Water Spray chzles“(1) This report
describes experiments conducted for the Commltice on Pire Department
Iquipment of the National Fire Protection Asscc1gt*on and the International
Association of Fire Chiefs at Elmira, New York., Other data were
obtained from experiments conduc?ed by the Joirt Mire Resedrch Organization
on some commercial spray nozzlesl2), : '

The American report gives photographs of varlous spray nozzles
operating in front of a vertical background marked into 2 ft., squaves.
From each photograph, en estimate of spray throw cculd be made. 'The
nominal cone angle 'of each spray was also stated as either %09, £C° or
900 but estimates of the cone angle of the spray leaving the nozzle
were also made from the photographs, The pressures were 50, 1C0C, anl
150 1b.sq.in. and the rates of flow varied betveen 10 and 430 g.p.m.

The defination of the sprays vias not sufficiently sharp to eénable
a precise measurement of the cone angle and throw and six observers
selected randomly were asked to estimate throw and cone-angle from twelve
typical photographs in the report so that the statistical estimate of
the variation between observers could be caloulated, The standard
deviations between observers were subscquently found to be approxlmJTcLy
3 feet for spray~throw and 7° for cone-angle. t

Two of these.observers whose rcspectlve estimates of spray-thruw
ard cone-angle had the least deviation from the average of the six observers
then evaluated the spray throw and cone angle for the 51xty-€wg plhinsographs
available in the National Fire Protection Association report\!

Results of analysis

(1) Data from National Fire Protection Association repqrt(1)=

From & conventional regression analysis of the estimates of throw
and cone angle and the stated values of pressuck end rate of flow mede
by one- observer, the following formula was obtainzd,

t = «0¢36 ¥ 0¢85r ~2+09a + 0°36p + 1+C3 22 T mmmoun 1)
where small letters denote the legarithms to bese 10 of the guentities
T = throw in feet - '

R = rate in imperial gal/min
A = Tan, (Total cone angle)
' k.
P = Pressure 1b/sq.in.
100
= Log T. etc,

Thus t

The choice.of a measure of cone angle used in the. analysis was
goverred by the consideration that a zero cone angle would give . the
largest possible throw and a cone angle of 3600 the least possible,

By taking the tangent of % of the total cone angle the upper and lower
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11m1ts of A become 00 and O and therefore the range of 'a' hecave 00 Yo

+00 and this would tend to avoid a sheer diztribuiticn,

Similarly the

logarithm of the lower 11m1t of prcssure and rate become -0

The residual variance of %, as
standard deviation of Q-1t1k, Thls
for a typical throw of 20 ft. or to
tc b2 significantly larger then the
coszervers cven if allowance is made

.calculated above is 0°013 giving a

corresponds to a factor of 1+30 en T
a variation of 6 ft. Thig eppears
standerd doviation between the uix
for the error in =ading the cone

argle. The veriation between the throw of the various sprayas is
therefore not wholly accounted for by the errors in measSurement and the
perameters chosen as independent varlables.

Although the interaction term (1+03 r.a) was found to be significant
leav1ng this term out does not markedly increase the residual variance
of %', The best formula without this 1n+eract10n is . S

£ = 039 + 0%36 r = 0°57a + 0-23p Ceeeeaa (2)

o OGih,

and the residual variance of 'i' is increascd
. . PN C e (2)
(2) Date from Joint Fire Research Crganizevion report (2/,

Although only seven test results were available and these were all
for one pressure, o regreésion ana¢y31s was made as for the othsr data

except that throw was estimated from water dlstrlbutlon diagrems., ‘the
formula was obtained as .
= 034 + 0-55 r-0-39 a - | oo o (3)

The data included two hollow sprays but this fector was not found
significant. Giving to the largejvariation the cone angle term was -
barely significant but has been 1nrluded ‘nevertheless,

Discussion

If equatlons(Q) and (3) are compared it is seen that the numerical.
valuves of the indices on rate and cone angle are different., These
differences however are not significent end the two sets of data can be
regerded as one combined set, Slﬁce the values of pressure incorporated
in equation (2) are not 31gn1flcant1y correlated with those cf rats or
cone angle it is possible to comblne the two sets of data by combining
cquations (2) or {3). The rcsultlng equation is

= 0+34 + 037 v -0-54a + 0-28p
The residual variance of 't' is 0.015,

This differs little from equation {2) becanae +ha* Pqua+1on
incorporates nearly 10 times more data tuan does CcuatlJﬂ (33

The results show that the rate_ and the cone argle are as important
as the pressure in deteimining the throw If, for example the pros
is doubled, the throw according to |ecuation (1), ig increascé by a _
factor of 1 *3. The effect of rate depends on the cone augle and if this
is taken as 90° the throw is 1ncre£sed by 1°37 when the rate is doubled '
under the same conditions, while 1ﬂ the cone angle is 60° the increase
of throw is by a factor of 1.21, On the. other hand at a rate of
20 gal/min. a decrease of conc angle from 900 to 600 increases the throw
by a factor of 143,

sure

If, as might be expected the spray momentum were a determining
factor we would cxpect the index of| nozzle pressure to be half. that of
the rate of flow. For simplicity this has been studied by means of
cquation (2) from vhich it may be deducted that the difference betvicen

half of 036 i.e, 018 and 0'28 is not significent_ 1n view of the error
a35001ated w1th 5ach index.
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Table 1

Differcnces between celculated and measured values
of throw for some high pressure sprays.

Pressure Cone angle | . Rate Throw (feet)
(1b/sq.in.) | (gep.m.)
' Calculzated Mcasured from
from eqn(1) photographs
300 680 120 B 1 « 20
300 560 15. 8 20 6 |
600 . 530 21.3 29 9
600 270 9.75 58 . . 12

There arc few data for sprays at pressures in excess of 150 1b sqg.in.
but some photographs of such sprays are given in a report of the National
Board of Fire Underwriters (3) end these have been considered in relation
to the above formula, ’ ) : '

- High Pressure sprays

Vi u31 estimateg of the throw from photographs of some high pressure:
sprays 5) have been made as for the other data and have been comparcd
with the values calculated from equation (1) (see Table 1),  This has
shown that at higher pressures, the equation overestimates the throw by

a large amount so the effect of presswre is in fact less than indicated
by ‘the formula where it is cxtrapolated to higher pressures,’

Conclusion

L] }

The analysis of data based on over 60 spray conditions shows that
*the throw of a spray is increased by increasing the rate and the pressure
and by decreasing the cone angle. The quantitative estimates of these:
effect show that all three factors are of comparsble importance, The
evidence supports the view that the cnergy aveailable at the nozzle
rather than the momentum of the spray determines the throw of a .spray
of given cone angle, The effect of pressure determined from the -
analysis which is confincd to presswres-below 150 1b/sq.in, diminishes
with increasing pressure. S '
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